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Purpose: Continuous renal replacement therapy (CRRT) is becoming 
the treatment of choice for supporting critically ill pediatric patients. 
However, a few studies present have reported CRRT use and outcome 
in neonates weighing less than 3 kg. The aim of this study is to describe 
the clinical application, outcome, and complications of CRRT in small 
neonates. 

Methods: A retrospective review was performed in 8 neonatal patients 
who underwent at least 24 hours of pumped venovenous CRRT at the 
Samsung Medical Center in Seoul, Korea, between March 2007 and 
July 2010. Data, including demographic characteristics, diagnosis, vital 
signs, medications, laboratory, and CRRT parameters were recorded. 
Results: The data of 8 patients were analyzed. At the initiation of CRRT, 
the median age was 5 days (corrected age, 38 +2 weeks to 23 days), and 
the median body weight was 2.73 kg (range, 2.60 to 2.98 kg). Sixty-two 
patient-days of therapy were reviewed; the median time for CRRT in 
each patient was 7.8 days (range, 1 to 37 days). Adverse events included 
electrolyte disturbances, catheter-related complications, and CRRT- 
related hypotension. The mean circuit functional survival was 13.9+8.6 
hours. Overall, 4 patients (50%) survived; the other 4 patients, who 
developed multiorgan dysfunction syndrome, died. 
Conclusion: The complications of CRRT in newborns are relatively high. 
However, the results of this study suggest that venovenous CRRT is 
feasible and effective in neonates weighing less than 3 kg under elaborate 
supportive care. Furthermore, for using potential benefit of CRRT in 
neonates, efforts are required for prolonging filter survival. 

Keywords: Critical illness, Infant, Renal replacement therapy, Treatment 
outcome 
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Introduction 

The use of continuous renal replacement therapy (CRRT) has 



become expanded for the support of critically ill infants and pediatric 
patients with acute renal failure, fluid overload, or multiorgan 
dysfunction syndrome (MODS). CRRT mimics the effects of 
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glomerular function with its continuous ultrafiltration and solute 
clearance even in hemodynamically unstable patients 1 " 4 '. Owing to 
continuous fluid removal, fluid restrictions can be often minimized 
with the result of improved nutritional delivery 5 ' 6 '. Alteration of dia- 
lysate or replacement fluid is possible and can allow for control of the 
electrolyte levels within the target range 5 '. CRRT in patients with 
sepsis has the additional benefit of removal of inflammatory cyto- 
kines 7 . In addition, CRRT is an effective adjuvant therapy for the 
acute treatment of inborn errors of metabolism; both ammonia and 
branched chain amino acids are effectively cleared 8,9 '. 

Peritoneal dialysis (PD) continues to be the common choice of 
renal replacement therapy in the pediatric population. However PD 
is considered inappropriate in several cases (for example, after ab- 
dominal surgery). In addition, severe fluid overload cannot always 
be successfully treated by PD 10 '. And complications associated 
with insertion of PD catheters including leakage and infections 
are more prone to occur in neonates 11 '. Intermittent hemodialysis 
is hard to be applied for maintaining optimal fluid and electrolyte 
balance and circulatory stability in newborns with small blood 
volume 12 '. Therefore, CRRT has advantages as treatment modality 
for neonatal patients with acute kidney injury and inborn errors of 
metabolism 13 ' 14 '. 

As CRRT technology advances, there have been attempts using 
CRRT on smaller and smaller patients. There are several reports that 
describe the use of CRRT in infants 15 " 17 ' and neonates 18 " 21 '. However, 
CRRT in neonatal patients, especially those weighing less than 3 kg 
remains a challenge because of their immature body temperature 
control, difficulties of vascular access, venous catheterization with 
large-caliber catheters and hemodynamic instability resulting from 
the large extracorporeal volume of the system (filters and lines), which 
predisposes the newborns to hypotension at the time of connection 
because the extracorporeal volume of the CRRT circuit should be 
less than 10% of the patient's blood volume 4 '. Until recently, there 
have been limited reports performed indicating that CRRT can 
be an effective treatment modality for renal replacement therapy 
in neonates weighing less than 3 kg 13 ' 16 ' 18 '. Therefore, the aim of 
this study was to describe the use of CRRT as a modality of renal 
replacement therapy in neonates weighing less than 3 kg and assess 
the outcome and feasibility. Here, the retrospective findings from 
the medical records of eight neonates treated with CRRT at a single 
center are reported. 

Materials and methods 

A retrospective review was performed of eight neonatal patients 
that underwent at least 24 hours of pumped venovenous CRRT at 



Samsung Medical Center in Seoul, Korea between March 2007 
and July 2010. All data was recorded including the demographic, 
diagnosis, vital signs, medications, laboratory, and CRRT data. 
MODS was defined as presence of at least three failed organs. Organ 
system failures were defined using the international pediatric sepsis 
consensus conference definitions 2 "'. 

CRRT data included the CRRT modality (continuous veno- 
venous hemodialysis [CWHD] and continuous venovenous hemo- 
diafiltration [CVVHDF] as previously described 4 '), circuit prime, 
blood flow rate (BFR), anticoagulation, number of days on CRRT, 
complications associated with CRRT and outcome. Survival was 
defined successful discharge throughout entire hospitalization versus 
death. 

All CRRT was performed using Prisma (Gambro Healthcare, 
Lakewood, CO, USA) hemofiltration machines with M10 (Gambro 
Healthcare) filters. Priming of the extracorporeal circuit was 
performed with packed red blood cells (pRBC) diluted with either 
5% albumin solution or 0.9% saline to achieve a hematocrit of 30 to 
40%. For preventing bradykinin release phenomenon, heparin 100 
unit, 250 mg of 3% calcium chloride, 30 mEq of sodium bicarbonate 
were added in the mixture of pRBC (50 mL) and saline or 5% 
albumin solution (50 mL). 

A 6.5 french diameter, dual lumen catheter (Gambro Healthcare) 
was used for all patients. Catheters were inserted percutaneously using 
the Seldinger technique of the subclavian veins or a cut-down of the 
internal jugular vein by a surgeon on the intensive care system (ICS) 
with a radiant warmer in neonatal intensive care unit (NICU). 

The BFR was determined as 5 to 10 mL/kg/min. Hypotension 
on connection to the filter was defined as a fall in the mean blood 
pressure of more than 20 mmHg over baseline during the first 60 
minutes after connection to CRRT. For prevention of hypotension, 
the dose of inotropic agents was increased transiently before CRRT 
in patients receiving these agents. If a patient was hypotensive at 
initiation of CRRT, inotropic agents were administered or their 
dose augmented. Filter replacement fluid (prefilter) or counter- 
current dialysate was introduced at a rate of 2,000 mL/1.73 m / 
hr. Commercially available bicarbonate-buffered hemofiltration 
fluid (Hemosol B0, Gambro Korea, Seoul, Korea) was used 
for the dialysate and replacement fluid. Electrolyte disturbance 
during CRRT was defined as the following: hypocalcemia (total 
calcium<8.4 mg/dL), hypophosphatemia (phosphorus<3.8 mg/ 
dL), and hypokalemia (potassium<3.5 mmol/L). If the patient 
had hypokalemia, potassium chloride was added to the dialysate 
fluid to ensure a patient serum potassium level of 3.5 to 4.5 mmol/ 
L. Hypocalcemia and hypophosphatemia were corrected by the 
administration of intravenous calcium gluconate or phosphate salt. 
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The net fluid removal of patients was determined by the degree of 
fluid overload ranging from negative 5 to 0 mL/hr. 

Unfractionated heparin was continuously infused for anticoagula- 
tion in patients with a normal coagulation status using 10 U/kg/hr 
after a 20 U/kg initial bolus. The infusion rate was adjusted targeting 
the activated clotting time of 170 to 210 seconds. The patients were 
cared under a radiant warmer to prevent hypothermia. 

Pediatric risk mortality (PRISM) III score was calculated as pre- 
vious report 23 '. The comparison of PRISM III score in survival 
and death groups was performed using Mann-Whitney test. The 
cumulative proportion of survival of the filter was plotted according 
to time using Kaplan-Meier analysis. The data was assumed to be 
non-parametric. All statistical tests were performed with a P value less 
than 0.05 indicating statistical significance. SPSS ver. 15.0 (SPSS Inc., 
Chicago, IL, USA) was used for all statistical analyses. 

Results 

All eight neonatal patients (4 males and 4 females) were critically 
ill and in the NICU. Seven patients were on mechanical ventilation. 
Three of the patients were preterm <37 weeks gestational age. Among 
them, two patients were extremely low birth weight infants with birth 
weights less than 1,000 g. Clinical and laboratory datas at the initia- 
tion of CRRT are shown in Table 1. At the initiation of CRRT, the 
median days after birth was five days (corrected age, 38'' 2 weeks to 23 
days), and median body weight was 2.73 kg (2.60 to 2.98 kg). Four 
patients required CRRT for control of volume overload and metabolic 
derangements related to acute renal dysfunction with sepsis and 
MODS (patient no. 1 to 4). One patient required CRRT for ARF 
resulting from atypical hemolytic uremic syndrome. Three patients 
required CRRT for the correction of acute metabolic abnormalities 
unrelated to acute renal failure; two patients for hyperammonemia 



and metabolic acidosis (patient no. 6, 7), and one patient for hyper- 
ammonemia (patient no. 8). 

Heparin was used for anticoagulation in four patients. In patients 
with disseminated intravascular coagulation or thrombocytopenia 
resulting from hemolytic uremic syndrome (HUS) or sepsis, CRRT 
was performed without anticoagulation. Median serum blood urea 
nitrogen was 78.7 mg/dL (52.4 to 81.3 mg/dL) at the start of CRRT 
and 42.1 mg/dL (27.2 to 51.8 mg/dL) in 24 hours of CRRT in five 
patients with uremia. Median urea reduction ratio was 47.4% (34.2 to 
55.9%) in 24 hours of CRRT. In three patients with hyperammone- 
mia, 50% reduction of ammonia was achieved within 12 hours of 
CRRT and non-toxic ammonia levels (<200 pmol/L) were within 24 
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Fig. 1. Changes in serum ammonia levels after continuous renal replace- 
ment therapy in patients with hyperammonemia. Pt, patient; ARR, am- 
monia reduction ratio. 



Table 1. Clinical and Laboratory Findings at CRRT Initiation 



Pt. 

no. 


Sex 


GA 
(wk) 


Birth wt 

(g) 


Age 
(day) 


Wt 

(kg) 


BUN 
(mg/dL) 


Cr 
(mg/dL) 


Ammonia 
(umol/L) 


Underlying disease 


Outcome 


PRISM III score 


1 


M 


36 +2 


2,823 


3 


2.71 


14.3 


2.36 




Subgaleal hemorrhage, DIC, MODS 


Death 


22 


2 


M 


38 +2 


3,310 


23 


2.83 


51.8 


1.72 




NEC, sepsis, MODS 


Death 


14 


3 


F 


30 +3 


990 


38 +2 wk* 


2.63 


80.1 


2.92 




Sepsis, MODS 


Death 


15 


4 


F 


25 


830 


5* 


2.98 


81.3 


0.82 




Sepsis, MODS 


Death 


14 


5 


F 


38 +6 


2,580 


17 


2.74 


70.1 


3.11 




Atypical HUS 


Survival 


9 


6 


M 


36 +4 


2,600 


5 


2.6 


52.4 


2.30 


358 


LCHAD deficiency or TFP deficiency 


Survival 


14 


7 


F 


39 


2,920 


9 


2.65 


19.0 


0.93 


986 


Propionic academia 


Survival 


9 


8 


M 


38 +3 


3,300 


4 


2.92 


2.7 


0.44 


373 


Citrullinemia 


Survival 


2 



CRRT, continuous renal replacement therapy; Pt, patient; GA; gestational age, Wt, weight; BUN, blood urea nitrogen; Cr, creatinine; PRISM, pediatric risk of 
mortality; DIC, disseminated intravascular coagulation; MODS, multiorgan dysfunction syndrome; NEC, necrotizing enterocolitis; HUS, hemolytic uremic syn- 
drome; LCHAD, long chain L-3-hydroxyacyl CoA dehydrogenase; TFP, trifunctional protein; PRISM III, pediatric risk of mortality III 23 '. 
"Corrected age. 
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hours or less after initiation of CRRT (Fig. 1). 

The adverse events that occurred during CRRT are shown in 
Table 2. Electrolyte disturbance was most frequently noted and 
occurred commonly 72 hours after the start of CRRT; however, it 
was easily corrected with replacement in all cases. Catheter related 
events occurred in four patients including catheter malfunction that 
required catheter replacement, as well as bleeding and infection at the 
catheter insertion site. Hypothermia was not noted during CRRT. 

Malfunction of the catheters, which required replacement, 
occurred on three occasions in two patients. The catheter was replaced 
twice (6 days, 17 days after insertion) in one patient. The catheter 
was replaced one day after CRRT in another patient due to venous 
thrombus formation at the catheter tip in the right atrium, which 
was found on echocardiogram. Facial venous congestion resulted 
from inadequate venous drainage of the superior vena cava in one 
preterm patient weighing 2.63 kg. The patient suddenly developed 
facial congestion which was relieved by replacement of the catheter. 
Catheter insertion site bleeding occurred in three patients, all of them 
had a coagulopathy resulting from MODS. Infection of the catheter 
insertion site was noted in one patient with MODS. Enterococcus 
feacalis was isolated on culture of purulent material. 

Hypotension soon after starting CRRT occurred in two patients 
(patients no. 7 and 8). Their blood pressure increased and maintained 
stably with administration of vasoactive drugs. Five patients (4 
patients with MODS and 1 patient with a metabolic disorder) were 
already receiving vasoactive drugs before initiation of CRRT. For 
prevention of hypotension, the dose of drugs was increased upto twice 
before CRRT and they did not develop significant hypotension soon 
after connection. 

Review of 62 patient-days of therapy, showed a median time on 
CRRT of 7.8 days/patient (1 to 37 days). A total of 82 circuits were 
used. The mean circuit functional survival was 13.9±8.6 hours (range, 
1 to 48 hours). Only 14.6% (12 of 82) of the circuits functioned for 
longer than 24 hours. Fig. 2 shows a Kaplan-Meier analysis of filter 

Table 2. Adverse Events during CRRT 



Adverse event No. of patients (%) 

Electrolyte disturbance 7 (87.5) 

Hypokalemia 4 (50.0) 

Hypophosphatemia 4 (50.0) 

Hypocalcemia 1 (12.5) 

Catheter related events 4 (50.0) 

Catheter malfunction 3 (37.5) 

Catheter insertion site bleeding 3 (37.5) 

Catheter insertion site infection 1 (1 2.5) 

Hypotension on connection of CRRT 2 (25.0) 



CRRT, continuous renal replacement therapy. 



survival. 

Overall, four patients (50%) survived; three patients had inborn 
errors of metabolism and one patient had atypical HUS. All four pa- 
tients with MODS died. Median PRISM III score of survival group 
was significantly lower in survival group than mortality group (9 vs. 
14.5,P=0.03). 

Discussion 

This study is a single-center report on venovenous CRRT using 
PRISMA M 10 circuit in neonates weighing less than 3 kg. The 
estimated blood volume of neonates weighing 3 kg is 240 mL 
(patients weighing less than 10 kg have blood volumes of about 80 
mL/kg). If the patient's circuit volume is in excess of 10% of the 
patient's total blood volume, blood priming is necessary 41 . Because 
the circuit volume of the M10 filter is 50 mL, all of the patients in 
this study needed blood priming. To overcome challenges, Cardio 
Renal Pediatric Dialysis Emergency Machine is newly developed. 
The system is miniaturized hemofiltration/dialysis equipment to be 
suitable for renal replacement therapy in newborns and children with 
a body weight less than 10 kg, operating hemofiltration circuit with a 
very low priming volume (15 mL for the whole circuit including the 
hemofilter) 241 . Hypotension at the initiation of CRRT may be due to 
dilution of vasoactive medications by the prime volume or binding of 
catecholamines to the surface of the extracorporeal circuit 25 '. Santiago 
et al. 26) reported that hypotension on connection to CRRT was 
detected in 30.4% (53/174) of children (mean age of 52.3 month). As 
shown in the results of this study, 25% of neonates weighing less than 
3 kg developed hypotension; this is not much higher than in older 
and larger children, and can be readily treated by administrating 
vasoactive drugs or increasing the dose of medications. It could 




0 10 20 30 40 60 



Circuit survival time (hr) 
Fig. 2. Kaplan-Meier survival curve for circuits. 
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implicate that the hypotension did not limits the indication of CRRT 
in neonates. 

In small patients that require circuit blood priming, the use of 
the PRISMA and AN69 membrane might be associated with 
profound hypotension at the start of CRRT due to the bradykinin 
release phenomenon that occurs because the blood prime has a 
low pH (approximately 6.3), depending on the age of the blood 4 '. 
The recommended methods for preventing the bradykinin release 
syndrome are either to buffer the blood prime, thereby increasing 
the pH to around 7.4, or to bypass the hemofilter by giving the 
blood post filter in synchrony with a saline filter prime along with 
judicious use of bicarbonate infusion during the initiation of these 
techniques; this approach has essentially eradicated this phenomenon 
in some reports 41 . To prevent hypotension at the start of CRRT, dose 
increments of vasoactive drugs, before initiation of CRRT or admini- 
stration of vasoactive drugs when starting CRRT, can be helpful as it 
was in the patients reported here. 

Especially in patients with sepsis and MODS receiving CRRT, 
maintenance of optimal drug (ex. antibiotics) level is critical to 
maximize survival. Monitoring and adjustment of adequate drug 
dosing is essential in these patients because several factors including 
pharmacokinetics of drugs (volume of distribution, protein binding, 
residual renal elimination), mode of CRRT, dose of CRRT, BFR, 
filter material affect elimination of drugs during CRRT 271 . 

One of the most significant problems with CRRT is early coagula- 
tion of the filters, leading to blood loss, decreased efficacy of the 
technique, and a greater risk of hemodynamic instability with the 
connection. Because CRRT in newborns uses lower blood flows 
and smaller catheters, than in older patients, the circuits may con- 
sequently be more prone to clotting. In our study, the mean circuit 
functional survival was only 13.9±8.6 hours. There are many 
options for improving filter survival. Del Castillo et al. 28 reported 
that the filter life can be increased by the use of hemodiafiltration, 
high heparin doses, and filters with a large surface area. Goldstein 
et al. 291 demonstrated that the functional survival of the M10 circuit 
in patients weighing less than 15 kg was excellent for circuits that 
provided CRRT via a bigger catheter lumen. In their study, mean 
circuit life was 28.6±22.5 hours. They used more large catheters (5 
to 8 french) than our study (6.5 french). Several studies in adults 
and the pediatric age group have validated the safety and efficacy of 
regional citrate anticoagulation in CRRT 30 " 34 '. As it has been known 
that citrate can be used safely with calcium containing dialysate, 
citrate anticoagulation became available in Korea 35,361 . Despite the 
merits of regional citrate anticoagulation, citrate infusion can cause 
hypocalcemia, metabolic alkalosis and hypernatremia 371 . Moreover, 
citrate use in the neonate has not been well studied. Recently, 



nafamostat mesilate, a synthetic serine protease inhibitor, has 
become available with the advantage of a short half life. However, the 
appropriate dose for neonates has not yet been established and there 
are several side effects (anaphylaxis, agranulocytosis, hyperkalemia) 
reported with the use of nafamostat 381 . Moreover, nafamostat cannot 
be used with AN69 filter such as M10 because of adsorption in the 
membranes 3 '' 1 . Although there are filters compatible with nafamostat 
such as the AN 69 ST or polyarylethersulfone, these filters are made 
for patients with a body weight of 8 kg or more. Further studies are 
needed on the use of nafamostat and additional efforts for developing 
new niters for children and newborn patients. 

Complications of catheterization include hematoma at the punc- 
ture site hemorrhage, altered venous drainage of the distal part of the 
catheter, incorrect position, pneumothorax, hemothorax and catheter 
related infections* 61 . These complications are more common in infants 
with a weight of less than 10 kg" 61 . In this study, malfunction of the 
catheter was frequent. The tip of the catheter has to be placed into the 
middle of the right atrium to provide adequate drainage of venous 
blood. The location of the catheter tip should be closely monitored 
during maintenance of CRRT. Hypothermia during CRRT was 
not observed in this study, possibly due to nursing patients in the ICS 
with a radiant warmer and warming of circuits. 

There is no consensus on the appropriate timing for the initiation 
of CRRT. Previous studies have suggested that earlier use improves 
survival in the pediatric population 3, . The outcomes of this study 
showed that the patients that died had already deteriorated (ex. 
hypotension needs for infusion of vasoactive drugs) prior to starting 
CRRT. 

Symons et al. 2) reported a poorer outcome of venovenous CRRT 
in patients under 3 kg comparing with patients weighing between 3 
kg and 10 kg: 25% of the patients (4 of 16 patients) weighing 3 kg or 
less survived, whereas 41% of patients (28 of 69 patients) weighing 
more than 3 kg survived. Also they demonstrated that patients with 
a metabolic disorder as the primary diagnosis had the highest rate of 
survival, 71%; however, survival was lowest for patients with MODS 
(15%) 2) . The survival data of our study also show better outcomes in 
neonates with metabolic disease; they had general systemic conditions 
that were better than the patients with MODS which were supported 
by lower PRISM III score in survival group (Table 1). Further study 
is needed to determine whether earlier use of CRRT can improve the 
outcome in neonatal patients with MODS. 

Although there is a report demonstrating the priority of HD over 
CRRT in rapid removal of toxic metabolites including ammonia 
in patients with inborn errors of metabolism 401 , CRRT can be 
quite effective treatment modality performed under setting with 
maximal dialysate fluid flow rate (2,000 mL/1.73m 2 /hr), CWHD 
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or CWHDF mode in mild cases as shown in our results. Moreover, 
CRRT can be useful in some occasions including lack of local 
expertise of neonatal HD. 

In conclusion, complications in newborns on CRRT are relatively 
higher than in adults or older children 2 '. However, the results of 
this study suggest that venovenous CRRT is feasible and effective 
in neonates weighing less than 3 kg under elaborate supportive care 
although our study population is small and heterogeneous. Further- 
more, to take advantage of the potential benefit of the CRRT in neo- 
nates, effort to prolong filter survival is needed. 
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